ABSTRACT. Bovine mammary epithelial stem cells (MESCs) are very important in agricultural production and bioengineering. In the present study, we compared different isolation and culture methods for MESCs and observed their growth and differentiation characteristics. MESCs have an extremely weak proliferation capacity, and it is very difficult to obtain and prolong subculture of a bovine mammary epithelial stem cell line. We obtained some multipotent MESC aggregates that looked like spherical colonies. These colonies were only derived from suspension culture and were induced to differentiate into epithelial-like cells, myoepithelial-like cells and secretory cells and to establish a ductal-like structure. In contrast, MESCs cultured in adherent culture displayed low morphogenetic competence and only differentiated into epithelial-like cells. MESCs are often identified by testing their differentiation in vivo; however, herein, we have demonstrated the in vitro differentiation potential of bovine MESCs. In our study, beta 1-integrin and alpha 6-integrin which are expressed by human epidermal stem cells, were found in bovine, which shows that bovine MESCs share the same molecular signature as human MESCs.
The mammary gland develops after birth from a small number of invading cells derived from the ectoderm, which has a lobulo-alveolar structure composed of three cell lineages: myoepithelial cells that form the basal layer of ducts and alveoli, ductal epithelial cells that line the lumen of ducts and alveolar epithelial cells that synthesize milk proteins [14, 11] . These mammary terminally differentiated cells, which possess different morphous, characteristics and potency, are derived from MESCs. In the late 1950s, DeOme et al. first demonstrated the existence of adult stem cells in mammary tissue by limiting-dilution transplantation experiments [7] . The existence of self-renewing and multipotent MESCs has also been suggested in mice and rats [6, 20] . Kordon and Smith showed that an entire mammary gland could be regenerated with the progeny of a single cell following transplantation of a tissue fragment into cleared mammary fat pads [20] . Furthermore, in 2006, Shackleton et al. showed that a single cell can reconstitute a complete mammary gland in vivo [25] .
More recently, mouse and human mammary epithelial stem cell lines have been extensively investigated, but the bovine has received less attention. Bovine mammary epithelial cells and their stem cells are very important in agricultural production and bioengineering. Human and mouse mammary epithelial cells have been identified as type I and type II cells [17, 18] . In bovine, these mammary epithelial cells have been identified as small light cells (SLC), large dark cells (LDC) and large light cells (LLC) [3, 15] . Examination of the mammary gland stem cell at the light and ultrastructural level has revealed many similarities between mouse, human and bovine cells, with the type I cells consisting of undifferentiated SLCs and LLCs. Type II cells are large intermediate cells that include both differentiated LDC and terminally differentiated cells [16] .
Stem cells are defined by their ability to self-renew and to generate differentiated progenies. However, to date, little research has been performed in relation to bovine MESC culture in vitro. Most published research is related to human or mouse MESCs. Human or mouse MESCs have often been isolated and purified by immunomagnetic sorting, but it is uncertain whether the markers are applicable to bovine MESCs. We used uncomplicated methods in the present study and isolated bovine MESCs by simple screening and suspension culture. Reynolds and Weiss developed a strategy that an undifferentiated multipotent population of neural cells grown in suspension as neurospheres [23] . Dontu et al. used similar methods that allowed for cultivation of undifferentiated human MESCs in suspension and obtained mammospheres, spherical colonies formed by MESCs [10] . We cultured bovine MESCs using two types of method, suspension culture and adherent culture, and developed a similar strategy for bovine MESCs cultured on nonadherent surfaces or in drops. Different cultivation methods of bovine mammary epithelial stem cell were compared in the present study, and we found that stem cells in suspension culture can form mammospheres; however, but the stem cells in adherent culture become morphologically homogenized epithelial-like cells. We hypothesized that the cells in suspension culture possess stem cell characteristics to selfrenew and to generate terminal cells, but that the MESCs in adherent culture gradually differentiate into epithelial-like cells and lose their multipotency.
MATERIALS AND METHODS
Isolation and cultivation of bovine mammary epithelial stem cells: MESCs were isolated as previously described. Normal breast tissue was obtained from an abbottoir and dissociated mechanically and enzymatically. The mammary glands were removed and digested in serum-free media containing 0.2% collagenase III solution (Sigma) for 90 min. The resulting cells were sieved sequentially through 100-µm and 40-µm cell strainers (Falcon) to obtain single cell suspensions. The cells suspension was washed by centrifugation and transferred to tissue culture dishes for 1 hr to allow adherence of fibroblasts. Unattached cells were then transferred into ultralow attachment plates (Corning), and suspension culture was initiated. After amplification of the cells, the single cells suspension of digested MESCs were washed and again plated in tissue culture dishes for 1 hr to allow adherence of other cells, and were then subjected to suspension culture. After repeating the above sequence 3 times, the bovine MESCs were subcultured and plated on ultralow attachment plates (Corning) at a density of 1,000 cells/ml. The cells were grown in DMEM/F12 medium supplemented with 2% B27 (Invitrogen), 10 ng/ml EGF (Sigma) and 10 ng/ml bFGF (Sigma) and penicillin-streptomycin (Gibco BRL). In addition, the bovine MESCs were also transferred into tissue culture dishes and cultivated in DMEM/F12 (Gibco BRL) supplemented with the same components, with the rat tail collagen overlaid on the bottom layer of the tissue culture dishes. All of the cells were subcultured by being digested into single cells.
Alveolar epithelial differentiation was induced by culturing bovine MESCs for 6 to 8 days on collagen-coated dishes in DMEM/F12 supplemented with 10% fetal bovine serum (Gibco BRL), 5 µg/ml insulin, 1 µg/ml hydrocortisone and 1 µg/ml prolactin (Sigma). Differentiation of myoepithelioid-like cells was induced in the DMEM/F12 medium supplemented with 10% fetal bovine serum, 0.1 mM betamercaptoethanol (Sigma) and 20 ng/ml bFGF (Sigma).
Immunohistochemistry: The cells were collected and washed in PBS and fixed in 4% paraformaldehyde for 15 min. They were then treated with 0.4% Triton X-100 for 30 min, and endogenous peroxidase was blocked with 0.3% H202 for 10 min. Pretreated cells were blocked for nonspecific binding with goat serum. The cells were then incubated with the primary antibodies, mouse anti-human Cytokeratin 19 (CK19, Chemicon) and mouse anti-human alpha-actin (Sigma). Detection of the primary antibodies was performed with an ABC peroxidase staining kit (Vector, U.S.A.).
Reverse transcription-polymerase chain reaction (RT-PCR): Total cellular RNA was collected from MDEC5 (epithelial-like cells derived from mammospheres), MDMC5 (myoepithelioid-like cells derived from mammospheres) and ADEC5 cells (epithelial-like cells differentiated from adherent cultured MESCs). Total RNA was isolated from the cells with Trizol-Ls reagent (Invitrogen), and SuperScript II (Invitrogen) reverse transcriptase was used to synthesize cDNA according to the manufacturer's protocol. The primers were specific for GAPDH mRNA (sense 5'-ACGGCACAGTCAAGGCAGA-3' and antisense 5'-GTG--ATGGCGTGGACAGTGG-3'), for CK19 mRNA (sense 5'-GCAGATGACTTCCG--CACCAA-3' and antisense 5'-AAGC-GAGCCTCCGTTTCC-3'), beta-casein (sense 5'-AGGAACAGCAGCAAACAG-3' and antisense 5'-TTTC-CAGTCGCAGTCAAT-3') and alpha-actin (sense 5'-TACGGCTGCTTCTTCCTC-3' and antisense 5'-GCCT-GCCTCA--TCATACTCTT-3').
Western blotting analysis: Proteins were extracted in 1 × SDS-PAGE sample loading buffer, separated by 10% SDS-PAGE and transferred onto a nitrocellulose or PVDF membrane. Nonspecific reactivity was blocked by incubation overnight at 4°C in buffer (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 2% Tween-20, 4% bovine serum albumin). The membrane was then incubated with monoclonal of mouse anti-human beta 1-integrin (Pharmingin), alpha 6-integrin (Chemicon), beta-casein (Sigma) or alpha-actin antibody (Sigma) and subsequently reacted with anti-mouse IgG-HRP antibody. Reactive protein was detected with an ECL chemiluminescence system (Santa Cruz, U.S.A.).
RESULTS
The growth and differentiation characteristics of bovine mammary epithelial stem cells: Bovine MESCs were cultured by two methods, suspension culture and adherent culture. The growth characteristics of the resulting cells were different. The MESCs in suspension culture gradually formed cell masses, which we referred to as mammospheres as described by Dontu et al. [10] . We subcultured the mammospheres by digesting them into single cells, and the single cells subsequently formed mammospheres again. The cells from adherent culture growed well and had a round shape and with an indistinct cell boudary, but they were able to form some colonies that were distinct from each other (Fig.  1) .
At present, little is known concerning the markers of bovine MESCs. Beta 1-integrin and alpha 6-integrin are expressed by human epidermal stem cells. We adopted the method of Western blotting to detect the expression of the two kinds of protein. The cells from 5th or 6th passage of MESCs were used for detection, and we found that the cells in suspension culture highly expressed beta 1-integrin or alpha 6-integrin and that adherent cultured cells had weak beta 1-integrin expression and no alpha 6-integrin expression (Fig. 2) .
Bovine MESCs were induced in differentiation medium, and we obtained two types of cells from mammospheres, glandular epithelial-like and myoepithelial-like cells. These cells were identified with cytokeratin 19 (CK19) or alphaactin by immunohistochemistry. CK19 is a feature of epithelial cells in terminal duct lobular units, and alpha-actin is a feature of myoepithelial cells (Fig. 1) . To further confirm the differentiation potential, we detected the expression of some genes by RT-PCR and Western blotting methods. We found expression of CK19 and beta-casein mRNA in the differentiated mammary epithelial-like cells and expression of alpha-actin in myoepithelioid-like cells (Fig. 3, Fig. 4) . Furthermore, the mammosphere cells were induced to differentiate into a catheter-like structure, and the complex structures showed the existence of pluripotential stem cells (Fig. 1) . However in the adherent culture MESCs, we did not detect alpha-actin, which indicated weak differentiation capability, although some cell clones with an elongated morphology were produced. In addition, in our experiments, we did not find expression of the beta-casein gene in the cells cultured in the DMEM/ F12 supplemented with 10 % fetal bovine serum without hormones, but when the cells were stimulated with lactagogue, beta-casein gene expression could be detected.
DISCUSSION

Distinguishing features of mammary epithelial stem cells:
Samples taken from any portion of the mammary gland at any age and at any developmental stage, including fully functional differentiation, give rise to mammary epithelial outgrowths with complete developmental capacity [26] . Transplantation have studies demonstrated that an epithelial stem cell component must exist in the mammary gland throughout life. One characteristic shared by a number of stem cell types is the ability to exclude dyes such as Hoechst33342, which appears to rely on the differential ability of stem cells to efflux Hoechst dye, and this defines an extremely small and homogeneous population of cells (termed SP cells). This method has been used to identify potential stem cells in a host of tissues. In addition, mouse MESCs have been prospectively isolated and identified by Welm et al. based on cell-surface expression of CD24 (heatstable antigen) and either CD29 (beta 1-integrin) or CD49f (alpha 6-integrin) [31] . Stingl et al. found that a single cell from a CD29 hi /CD24 + or CD49f hi /CD24 + population is able to reconstitute a functional mammary gland in vivo. But neither CD24 and CD29 nor CD49f are exclusive markers of MESCs. There are other markers that have been employed to isolate and identify MESCs [28, 29] , such as the Sca1 [31] , hormone receptor [5] , K5 and CD10 [10, 13] . More recently, although researchers have made great progress in relation to human and mouse MESCs, few cell markers have been detected in bovine. Capuco identified putative bovine MESCs by their retention of labeled DNA strands, and in the peripheral regions of the mammary parenchyma, he found the percentage of heavily labeled epithelial cells averaged 0.24%, a number that is consistent with estimates of the frequency of stem cells in the mouse mammary gland [2] . Beta 1-integrin and alpha 6-integrin are 2 markers expressed in human and mouse MESCs, and were detected and identified in bovine MESCs in the present study. The results showed that bovine and human MESCs share the same molecular signature. There are some other similarities between mouse, human and bovine MESCs. Mammary epithelial cells from the human and mouse have been identified as type I and type II cells in cell culture experiments [15, 16] , and research on the cytology of bovine tissue sections designates the cells as small and large cells [9, 4] . Chepko et al. and Holland et al. found that the type I cells consist of undifferentiated small light cells and undifferentiated large light cells and suggested that undifferentiated small light cells contain both stem and primary progenitor cells [3, 14] .
Mammary epithelial stem cell self-renewal: Mammary epithelial stem cells can generate a series of branching ducts that terminate in sac-like lobules embedded in stromal tissue. The mammary gland epithelial components are thought to arise from stem cells that undergo both self-renewal and differentiation. Self-renewal has been shown to be regulated by the MAPK, Wnt/beta-catenin, Notch, Hedgehog, transforming growth factor (TGF)-beta, PTEN and Bmi-1 signaling pathways [1, 9, 21, 24, 30] . Wiseman and Werb suggested factors intrinsic to these stem cells as well as their interactions with stromal cells and the extracellular matrix are important for normal morphogenesis of the gland [32] . It seems that a number of factors affect the self-renewal of mammary epithelial stem cells in some way [8, 20] . In the present study, we compared different isolation and culture methods that possibly affect the growth of MESCs in vitro, and we hypothesized that suspension culture is critical for long-term self-renewal of bovine MESCs. We obtained bovine MESC lines that have been rarely reported and concluded that MESCs cultured in suspension retain considerable developmental potential. The MESCs are able to selfrenew, proliferate and maintain their undifferentiated state. The growth features of the cells differ according to the different culture methods. Bovine MESCs cultured in suspension generate floating spherical colonies that can differentiate into myoepithelial-like cells and epithelial-like cells. However adherent cultured MESCs only generate epithelial-like cells. Dontu et al. [11] also demonstrated that nonadherent human mammary progenitor cells are enriched in early progenitor cells and able to differentiate into all three mammary epithelial lineages. But it has been reported that the mammary epithelial stem cell lines in adherent culture possess morphogenetic properties in vivo [20] .
MESC differentiation in vivo has been identified in most research, but here in, we indicated the in vitro differentiation potential of bovine MESCs. In our experiments, the MESCs differentiated into myoepithelial-like cells expressing alphaactin and epithelial-like cells that could be induced to secrete beta-casein, which indicates that they had differentiated into glandular epithelial cells. Unlike mammospheres, adherent cultured MESCs have highly homogeneous features. After several repetitions of subculture and induction with hormones, the cells secreted beta-casein protein, but did not differentiate into myoepithelials, and no expression of alpha-actin was detected. Therefore, we hypothesized that the adherent MESCs contain few multipotent stem cells Fig. 4 . Western blotting was also used to identify alphaactin and beta-casein expression in differentiated cells derived from bovine MESCs. Analysis showed that mammospheres (MP2) produced neither alpha-actin nor beta-casein. The mammosphere-derived cells produced beta-casein or alpha-actin (MDEC5 or MDMC5), whereas the epithelial-like cells differentiated from adherent culture MESCs only produced beta-casein.
and gradually lose their multipotency.
